Introduction A falling prevalence of dental caries has long been reported (1, 2) . This was achieved not only by dental health education, but also through the implementation of preventive programmes involving the incorporation of agents (e.g. fluoride), which can inhibit demineralization and/or enhance remineralization of caries, into drinking water, food and commonly used dental products (e.g. toothpastes, mouthrinses). Another promising approach is the replacement of cariogenic dietary components (e.g. glucose, sucrose, etc) with one with either non-cariogenic (nonfermentable by oral microorganisms) or anticariogenic (impairs the metabolism and growth of bacteria/dental plaque) properties.
Though cariogenic, these sugars are energy providers, and are also used as sweeteners in various foods and drinks, hence the substitute should possess these good qualities without the adverse cariogenic effect.
Xylitol, a pentitol, which occurs naturally in many fruits, berries and vegetables (3), has been used as an artificial sweetener for many years (4), and has been found to meet these requirements (5, 6) . It has the same calorific value and sweetness as sucrose (3) , and has been shown to be noncariogenic as the sweetener in gum (5) . The caries inhibiting effect (anticariogenicity) of xylitol has, so far, been demonstrated by its ability to inhibit the growth and metabolism of the mutans group of streptococci and dental plaque (6) . Xylitol gum has also been reported to reharden and remineralize natural and artificial caries (5) , and to arrest the progress of caries (7); and these were attributed to the salivation-stimulating property of xylitol-sweetened gum. However, xylitol has been shown to possess the ability to form complexes with Ca2+ and phosphate ions (8) , and to penetrate into demineralized enamel (9) , and hence could participate in caries prevention by acting as a Ca2+ carrier and an agent that can concentrate calcium (9) . This has drawn attention to the possibility that xylitol, in addition to its effect on oral microorganisms and salivation-stimulation, could influence the process of de-and remineralization by altering the diffusion coefficient of calcium and phosphate ions to and from the lesion into the de-or remineralization solutions.
This study, therefore, aimed to determine the effect of xylitol on the development and remineralization of artificial caries in vitro, and to assess this effect relative to that of fluoride, whose ability to inhibit demineralization and enhance remineralization has long been established (10, 11) , and with combined xylitol/fluoride. It was envisaged that this might provide information necessary to develop xylitol-based preventive programmes such as the incorporation of xylitol in dental products (such as toothpastes and mouthrinses), and the substitution of cariogenic sweeteners by xylitol in acidic a CCD video camera (Sony, Tokyo, Japan) connected to a computer (Viglen PC, London, U.K). The lesion parameters (integrated mineral loss and lesion depth) were quantified using a software package (TMRW v.1.22, Inspektor Research System BV, Amsterdam, The Netherlands) based on the work described by de Josselin de Jong et al. (14) .
Statistical analysis Statistical processing of the data was performed using the Biosoft Stat-100 package, with a level of significance prechosen at 0.05. The data from the image analysis were analysed statistically using paired Student t-tests and Duncan' s multiple There were no significant differences in lesion depth between the groups.
Discussion Demineralization
The composition of an acidic buffer solution partially saturated with respect to enamel hydroxyapatite (10) was altered using xylitol in order to assess the effect of this substance on the demineralization of enamel with regard to caries development. The degree of mineral loss and lesion depth following the production of caries-like lesions in enamel samples were quantified. A greater protective effect against demineralization was obtained when the solution was supplemented with both xylitol and fluoride ( Fig. la,b ; group D) than with fluoride alone (group B). This additive effect was not surprising considering the chemical properties of these two elements. Xylitol in high concentration is known to form complexes with calcium ions (8) , and to penetrate into demineralised enamel (9) , where it can interfere with the transport of dissolved ions from the lesions to the demineralizing solution by lowering the diffusion coefficient of calcium and phosphate ions from the lesion into the solution (9) . The transport of dissolved materials from the inner part of the lesion to the bulk solution has been shown to control the rate of progression of demineralization (15) . The continuous presence of fluoride ions in solution, on the other hand, has long been established to inhibit enamel demineralization (10, 11, 15) , and this was demonstrated in the present study in which a significant protective effect was observed with the presence of 0.5 ppm fluoride in the buffer solution ( Fig. la,b; group B) . The eroded enamel lesions observed only in demineralization solutions devoid of fluoride (groups A and C) was a demonstration of the importance of fluoride in induction of a sound surface layer in a typical caries-like lesion (16, 17) . The limitation on the protection offered by xylitol alone as observed in group C (Fig. la,b) , may be argued to be due to the low level (20 %W/v) used in this study. However, the low level of xylitol supplementation was selected in order to be sufficient to facilitate significant complex formation (8) , while still avoiding the gastrointestinal upset caused by high xylitol concentrations (18) . It is speculated that substitution of microorganismfermentable cariogenic dietary components with xylitol, especially in combination with a low level of fluoride, may have a beneficial influence with respect to tooth demineralization. It is also envisaged that if xylitol is incorporated into fluoridated caries preventive agents such as toothpastes or mouthrinses, it may produce a substantial inhibitory effect on demineralization.
Remineralization
Saliva substitutes has been shown to possess the potential of remineralizing artificial caries (19) (20) (21) (22) (23) even in the absence of fluoride (22, 23) . This was re-examined in the present study in which caries-like lesions produced on different groups of enamel samples were remineralized using an artificial saliva supplemented with either fluoride, xylitol or both substances combined. The degree of remineralization was determined by the difference in mineral loss and lesion depth before and after the remineralization procedure. Though a significant difference was observed only in lesion depth following remineralization, both parameters exhibited similar trends graphically (Fig. 2a,b) . The limited degree of remineralization observed with all varieties of the artificial saliva, may be attributed to the presence of carboxylmethylcellulose (CMC), a major component of the artificial saliva, which has been shown to reduce the rehardening potential of saliva substitutes (20, 21) . This effect of CMC was attributed to its properties of 1) forming complexes with calcium and/or phosphate ions (21) , thereby making these elements unavailable for lesion remineralization, 2) increasing the viscosity of the saliva substitutes thereby decreasing the diffusion rate within the solution (24) . Carboxymethylcellulose represents the mucin content of natural saliva, but porcine gastric mucin has an even greater effect (21) . As previously reported by other workers (19) , this adverse effect of CMC may have been reduced by the presence of fluoride in group 2 (Fig. 2a,b) where the greatest degree of remineralization was observed. The lowest level of remineralization recorded when the artificial saliva was supplemented with xylitol alone (Fig. 2a,b ; group 3) may be attributed to the complex formation with calcium and phosphate ions by xylitol (8, 23) which would further deplete the solution of these elements necessary for remineralization of the caries lesion in addition to a similar effect from CMC. An additive effect from xylitol and fluoride was sought in group 4 by supplementation of the saliva with both fluoride and xylitol, but the beneficial effect of fluoride obtained in group 2 was rather reduced. This must be, as stated above, the result of depletion of the solution of the calcium and phosphate ions which would have enhanced the action of the fluoride. Hence the remineralization demonstrated in the two groups (3 and 4) in which the saliva was supplemented with xylitol can be ascribed to the presence of calcium and phosphate ions in the solution as can be seen from the effect in group 1 in which the saliva was supplemented with neither xylitol nor fluoride, thus demonstrating an inability of xylitol alone to influence the remineralization of a caries-like lesion. Thus the reported rehardening and remineralization of natural and artificial caries lesions (9, 18, 21, 25) , and caries arrest (7) by xylitol in vivo must be the result of a combination of two factors. Firstly, its sweetness, contributing to a food's salivation-stimulating effect (26) would foster remineralization of the caries (27, 28) . Secondly, its ability to inhibit the growth and metabolism of Streptoccocus mutans and dental plaque (6) , thereby suppressing the demineralization part of the de-and remineralization cycle occurring in vivo, and consequently enhancing remineralization. 
